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Abstract 
Harman bricks are used on restoration and rehabilitation of historical structures and construction of masonry structures 
widely since there are plenty of raw materials and easy production technique in Turkey. In this study, alternative use of 
perlite as an area of light brick production is investigated. Blended harman bricks were produced by conventional methods 
with fly ash, bottom ash, blast furnace slag on the ratio of 10% which has been included in all mixtures instead of clay. 
Unit weight, water absorption for 24 hours, capillarity, ultrasonic pulse velocity and compressive strength tests were 
applied in all samples produced from the harman bricks. On the other hand the samples were exposed to ±20 °C for 50 and 
100 freeze-thaw cycles. Freezing-thawing loss effects were determined using unit weight, ultrasound pulse velocity and 
compressive strength tests. Unit weight, ultrasound pulse velocity and compressive strength of blended or normal bricks 
were determined. 
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1. Introduction 
Baked clay based materials like as bricks are used in building constructions economically because of easy 
manufacture process and plenty of raw materials in Turkey. Earthquake forces are proportional to the 
structure weight and increases along the height of the building. Infill walls in frames increases in the strength 
and stiffness of structures subjected to earthquake loads so weight reduction can be obtained by using lighter 
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materials on lightened harman bricks can be also used in infill walls. Production of brick elements increases 
but however agricultural clay deposits decreases so researchers study for making improvements on the 
characteristics of brick to reduce the amount of the main components using different additives [1]; [2]; [3]. 
According to these researches, bricks with 30-40% fly ash causes approximately 10% loss of strength while 
whitening on bricks by throwing up of limestone is prevented using fly ash [3]; [4]. In other study, diatomite 
and perlite on brick production has been investigated and using of 20 % diatomite, proper mechanical 
properties were obtained [5]. Advantageous for the use of solid wastes on Lime-based bricks with fly ash-
desulphurization gypsum have been evaluated [6]. Waste fly ash, basaltic pumice and textile ash usage in 
bricks production were evaluated [7]. Different proportions of fly ash, sand and lime mixtures under high 
pressure steam cure were evaluated in brick production and these bricks provide high heat insulation [8]. In 
another study, different types of brick wastes in brick production were studied so as a result waste ratio 
increases strength decreases and baking temperature increases strength was also increase [9].  
In this study fly ash, bottom ash, blast furnace slag and perlite usage in brick production is evaluated. 800 
million ton bottom ash which is the most significant by-product from municipal solid waste get out every year 
so storage of this bottom ash causes economically large costs. Only 25% of this hazardous bottom ash waste 
can be assessed [10]. 
2. Materials and methods 
2.1. Materials 
Clay: Used clay in production of the harman bricks comes from Corum Kurucay Region in Turkey that is 
the basic raw material in brick-making process. Chemical analysis of the clay which has not any hazardous 
compounds used in the study given in Table 1.  [3]. 
Perlite: Perlite is an amorphous volcanic glass that becomes porous with high water content and expands as 
it is heated 20 times greater than it was prior to heating and majority of the world reserves are in Turkey. 
Water: In this study, Corum city water which here is not any hazardous compound in city water for brick 
production [3]. 
Blast Furnace Slag (BFS): Used blast furnace slag (BFS) comes from Eregli Iron and Steel Factories. 
Blaine is 2230 cm2/g and Specific gravity is 2,84 g/cm3. The other properties are given in Table 1. 
Fly Ash (FA): This study includes utilization of waste fly ashes from Seyitomer Thermal reactor in harman 
brick production. Seyitomer fly ash is V type fly ash (siliceous fly ash) according to TS-EN 197-1 because the 
amount of reactive lime is below 10% and amount of reactive silica is over 25%. The average amount of 
SiO2+ Al2O3+Fe2O3 is 88.71 and according to ASTM C 618, its over 70% and CaO is below 10% so it is F 
type fly ash (low lime). Chemical analysis of used fly ash is given in Table 1.   
Table 1. Chemical analysis of used clay, bottom ash (BA), fly ash (FA) and blast furnace slag (BFS)  
Compound (%) SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O Cl SO3 
Clay 55.66 21.57 12.21 1.34 1.05 1.30 ---- --- --- 
BA 51.51 18.76 9.57 0.93 5.08 0.52 2.56 0.005 0.007 
FA 53.69 20.29 11.83 4.09 3.45 0.30 0.87 0.003 0.12 
BFS 34.09 12.19 0.61 6.14 30.82 0.56 0.45 0.001 1.57 
2.2. Methods 
Harman bricks were produced with bottom ash, fly ash and blast furnace slag on the ratio of 10% which 
260   Mehmet Canbaz and Ugur Albayrak /  APCBEE Procedia  9 ( 2014 )  258 – 263 
has been included in all mixtures instead of clay. Perlite was used instead of clay on the ratio of 50%. Bottom 
ash, fly ash, blast furnace slag, perlite and clay were mixture properly until desired consistency. The bricks 
with the standard size 50x90x190 mm were placed in to the kiln for drying completely. Coal dust is injected at 
1000°C under atmospheric conditions after the kiln prepared and baking process done with the velocity 
150°C/hour. The kiln kept at a constant temperature for 2 hours at the firing temperature (1000 °C), and then 
the kiln has allowed the cool until the temperature decreased to 200 °C so the samples were removed from the 
kiln and cooled to room temperature [3]. Unit weight, water absorption for 24 hours, 2 hours capillarity, 
ultrasonic pulse velocity and compressive strength tests were applied in all samples which are control samples 
and samples with bottom ash, fly ash, blast furnace slag, perlite. Freezing-Thawing tests was performed while 
the samples were waited at ±20 °C for 50 and 100 freeze-thaw cycles using unit weight, ultrasound pulse 
velocity and compressive strength tests.  
3. Results and discussions 
Unit weight, ultrasound pulse velocities of the blended or normal bricks can be seen in Fig. 1.(a) 
According to the graphic, unit weights changes in the range of 1.2-1.6 kg/dm3 and ultrasonic pulse velocities 
changes in the range of 2.6-3.4 km/sec. Unit weights and ultrasonic pulse velocities decreased to 20% after 
blending.  
 
Fig. 1. (a) The variations of unit weight and ultrasonic pulse velocity depending on the type of blend (b) The variations of water 
absorption and coefficients of capillarity depending on the type of blend 
According to the Fig. 1. (b), coefficient of capillarity increases up to 64% by adding FA, 100% by adding 
BA but on the contrary decrease 4% by adding BFS. Water absorption ratio increases up to 52% by adding 
FA, 68% by adding BA and 32% by adding BFS. This increment is rapidly up to 20% bottom ash ratio. 
 
Fig. 2. (a) The variations of compressive strength and dynamic modulus of elasticity depends on the type of blend.  (b) The variations of 
unit weights of blended harman bricks with the number of freeze-thaw cycle  
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Compressive strength and dynamic modulus of elasticity of blended or normal bricks are seen in Fig. 2.(a). 
Dynamic modulus of elasticity changes in the range of 9-18 GPa and compressive strength changes in the 
range of 5-15 MPa. Mean compressive strength of mid-strength harman bricks 5 MPa and minimum must be 
4 MPa according to the standards [3]. The variation of unit weights of blended and normal harman bricks 
under freeze-thaw effect are seen in Fig. 2.(b). Number of freeze-thaw cycle increases unit weights increase 
initially but after 50 cycle decreases. Waters are moving into the cracks so unit weights of harman bricks 
increase during the ice inside the bricks melt inside water so unit weights increases.  
 
 
Fig. 3. (a) The variations of ultrasound pulse velocity of blended harman bricks with the number of freeze-thaw cycle (b) The variations 
of dynamic modulus of elasticity with the number of freeze-thaw cycle for blended harman bricks 
Number of freeze-thaw cycle and ultrasound pulse velocity losses of blended and normal harman bricks are 
seen in Fig. 3. (a). Number of freeze-thaw cycle increases ultrasound pulse velocities decreases in the range of 
3-11% and cracks and holes caused by freeze-thaw decreases.Dynamic modulus of elasticity and number of 
freeze-thaw cycle of blended and normal harman bricks are seen in Figure 3.(b). Number of freeze-thaw cycle 
increases dynamic modulus of elasticity of normal harman bricks decreases up to 22%. On the other hand, 
dynamic modulus of elasticity of blended harman bricks increase up to 5% initially, after this point decrease 
up to 12%. Reaction of mineral additives with water continues thus pores in structure decreases.  
Variations of compressive strengths under freeze-thaw effect can be seen in Fig. 4. According to the 
graphic, when freeze-thaw cycle increase, compressive strengths decreases up to 25%. This decrement is 10% 
for the BFS and FA occurs at 100 cycles and 25% for the BA blended samples occurs at 100 cycles. 
Especially BA blended samples were affected before freeze-thaw cycles than freeze-thaw effect were 
decreased because cracks and holes in sample do not saturated with water. 
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Fig.4. The variations of compressive strengths with the number of freeze-thaw cycle for blended bricks 
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4. Conclusions 
The following conclusions can be summarized according to the study: 
x Unit weights and ultrasound pulse velocities of harman bricks decreases by adding BA, FA, BFS. 
x Water absorption can be observed for the structures built with harman bricks where the places which the 
water table is high or near river or seaside and this capillary water affect the strength of harman bricks. In 
reference samples water absorption is 20% then this ratio up to 29% by addition of FA, 32% by addition 
of BA and 25% by addition of BFS.  Likewise coefficient of capillarity is 0.00025 cm2/sec  in reference 
samples and BFS addictive samples then this ratio up to 0.00035 cm2/sec by addition of FA and 0.00040 
cm2/sec by addition of BA. 
x  Compressive strengths and dynamic modulus of elasticity of blended harman bricks decreases up to 85%. 
Mid-strength harman bricks are to be produced after blending although this decrement. The strength of 
blended samples is more than the bricks commercially available in Turkey. 
x Freezing-thawing effects are an important durability problem because of the extreme temperature 
differences in Anatolia. A high strength brick sample can be chip off under the freeze-thaw effects and 
completely lose its strengths. Dynamic modulus of elasticity of the blended samples under the freeze-
thaw effects decreased approximately 50% compared to the reference samples.  
x Compressive strengths decrease 10% for reference, FA, BFS addictive samples and 25% for BA addictive 
samples under freeze-thaw effects. 
x In case of using perlite in lightened harman brick production, a significant reduction occurs in unit weights 
that are closer to the density of water. Ultrasound pulse velocities, dynamic modulus of elasticity, 
compressive strengths decreases in perlite bricks. In spite of this reduction, mid-strength harman bricks 
are to be produced after blending. 
x Considering strength losses of the perlite bricks under the freeze-thaw effects, it is recommended that 
perlite bricks should not be used where there are the significant temperature differences and areas in 
contact with water. 
Consequently; FA, BA and particularly BFS additive usage in harman brick production is proposed. 
Produced blended harman bricks are in mid-strength range so usage of these bricks as infill material in 
reinforced concrete framed buildings should be controlled and used in the construction of low-rise buildings 
in terms of load bearing. In addition, durability of blended harman bricks against various chemical agents 
should be investigated. 
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